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Preface 


This manual explains the operation and architecture of the New 
England Digital Corporation ABLE line of computers. Section I 
provides introductory material of a general nature while Section 
II explains the instruction set in detail. The Appendices provide 
information on basic IO equipment, interfacing, installation, and 


other reference material, 


Introduction — 


Section I - 


The ABLE series computers are high-speed general purpose computers 
whose aeeiat has emphasized simplicity and compatability with ef- 
ficient structured language programming. They are 16-bit word 
length machines organized around 16 registers. All of the re- 
gisters are usable as index registers with auto-increment capa- 
bility. Two of the registers, R17(octal) and Ri6(octal), may be 
used as program counters. R17 is the normal program counter, while 


R16 is used while processing interrupts or calling subroutines. 


Four of the registers, (RO-R3), are designated as accumulators. 
These registers have the additional capability of executing the 
complete set of arithmetic, logical and test operations. Byte manipu- 
lation instructions are also included in the logical operation set to 


facilitate character processing and other byte-oriented calculations. 


The memory addressing is by word using a 16-bit memory address buss 

to enable direct addressing of 65,536 words. All memory addressing 

is indirect on a register; i.e. the register contents are used to 
point to the desired memory location. Relative addressing is provided 
for the transfer (jump, branch) instructions. Any memory location in 
the entire 65K space may be accessed within at most one Load in- 
struction, eliminating the need for any paging or mapping complexity. 
The importance of this feature is supreme when contemplating programs 


that must run in different combinations of ROM and RAM. The 
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existance of so many registers makes the task of memory address- 
ing much more tractable, whether it is being done by a human as- 


sembly language programmer or by a compiler. 


There are three main busses in the machine. Data transfers are 
made by means of a 16-bit bi-directional data buss (BDBO-BDB1 5). 
Memory addressing is by means of a 16-bit memory address buss 


(MAO-MAL 5). 


An 8-bit address/instruction buss serves to address all IO devices 
and to carry Instruction information to the register/ALU sections of 
the machine. All data transfer instruction information is encoded 
on this special buss, greatly facilitating multi-processor applica- 
tions. Any intelligent agent may HALT ae processor and take com- 
mand of the complete buss system to execute any instruction of which 
the system is capable. Instead of a normal programmer's panel which 
depends on jamming data into an instruction register, the panel of 
an ABLE computer is really a processor in its own right called the 


HOP:Hand Operated Processor. 


In addition to the major data, address, and instruction busses, there 
are several control lines which define execution timing sequences, 
direction of data transfers, and so forth. Among these are the 

READ and WRITE control lines which carry directionality information, 
A READ transfers data from a source to the processor; a WRITE trans- 


fers data from the processor to a destination. 


Section II describes the ABLE instruction set in detail. 


The ABLE Line Computers 


The computers in the ABLE line are based on a single central pro- 
cessor configured on two 5" by 7" printed circuit boards. All 
ABLE computers use the same basic mechanical design, differing 
only in power supply capacity, slot availability, and "standard" 
equipment. The central processor, memory, and interface modules 
are constructed on 5" by 7" circuit boards, all of which are com- 


patible with the different ABLE systems. 


_The ABLE/20, New England Digital's smallest OEM system, incorporates 
a central Susesueee, (O=siot chassis, multi-function terminal inter- 
face and loader card, real time clock, and a single drive mini- 
floppy disk subsystem offering 89,600 bytes of on-line storage. A 
one power supply provides sufficient capacity for most OEM appli- 
cations. 4,096 bytes of memory, expansible up to 32,768 bytes, are 


included in the ABLE/20. 


The /20 is designed to be incorporated into OEM systems where com- 
piled programs, either stored in ROM or on a diskette, are used. 
For dedicated control applications, an ABLE/20 can be configured 
without a diskette (using ROM for progran storage) to realize a 


significant cost savings to the OEM. 
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The ABLE/40 system, the smallest complete software~development 
system, incorporates a 15 slot interface bin, 32,768 bytes of 
Memory, a 20-amp switching power supply, plus a dual-drive Mini- 
floppy disk subsystem offering 179,200 bytes of on-line storage. 
High-level language software development is accommodated using 
New England Digital's Real Time XPL Operating System - a complete 
operating system including a Monitor, line-numbered file Editor, 


and an optimizing 3-pass XPL language compiler. 


APL is a high-level structured-programming language Sxasibieaiy 
designed to simplify the task of writing real-time computer pro- 
grams. XPL is an extremely powerful language in that many logical 
and bit-manipulation functions can easily be performed. The XPL 
system gives the programmer sufficient Gite! of the processor 

for the needs of complex system programming , but provides automatic 
control over many specific computer resources such as the registers, 


memory, and push down stack. 


XPL has been designed to facilitate the use of modern techniques 

in structured programming. Capabilities such as procedure defini- 
tions, variable localization, and sophisticated if-then-else logical 
processing assist in the rapid development of easy to debug and 


straightforward to maintain software. 


By use of the powerful READ and WRITE statements built into XPL, di- 
rectly executed machine instructions can be incorporated into any 


XPL program. Although register allocation and memory location 
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assignments are best performed by the compiler itself, the in-line 
code capability provided in XPL can be used to override these 


features, 


For. highly specialized software applications, New England Digital's 
Assembly Language Operating System can be used to write programs 


using the ABLE Assembler, 


The ABLE/40 can be expanded up to 114,688 bytes of memory. Addi- 
tional disk drives, serial data lines, or other interface modules 
can be added to an ABLE/40 to customize the system for specialized 


applications. 


The ABLE/60 computer is similar to the /40 except that full-sized 
diskettes (8") are used for the standard storage media. The dual- 
drive full-size diskette system features 630,784 bytes of on-line 


storage. Memory expansion up to 114,688 bytes is possible with the 
/60. 


The ABLE/80 computer includes an expanded 21-slot rack-mounted bin 
plus 4 special purpose interface modules: a 16-line 12-bit analog 
to digital converter, a scientific timer offering 1 microsecond 
resolution, a 32-bit digital I0 interface (TTL), plus a Hand 


‘Operated Processor, 


fu 
i 
Wh 


Peripheral Devices 


The ABLE line of computers supports a wide range of peripheral 
devices designed for scientific, data processing, and OEM appli- 


cations. Each device is compatible across the entire ABLE line. 


Processor Products 


2 DL Instruction Sequencer 
D300 Register Module 
MF CL Multifunction Terminal Interface and Loader Card with 
100H2/1i KHz RTC. 


Storage Devices 


Di00 Mini-floppy Diskette System 

Di00 Full-size Diskette System 
Winchester Disk System - 10, 20, 40 megabyte 
Tape Drive . 


Output Devices 


Line Printer 
Plotter 
D4050 Dual Serial Port 


Memory Products 


M8K 8192 word static semi-conductor memory 
M2K 2048 word static semi-conductor memory 


seientifie Interfaces 


D12 16-channel analog-to-digital converter 
D60 Dual 10-bit digital-to-analog converter 
D116 «Scientific timer 

DH 32-bit digital IO module 

Dg Hand Operated Processor 

D70 Oscilloscope Interface 
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Central Processor 


The central processor is the control unit for the entire ABLE 
computer: it controls the sequencing of computer instructions, 
governs all input and output, and performs all arithmetic, logical, 
and data movement operations. The processor uses the 8-bit Ad- 
dress/Instruction buss in conjunction with the READ command line 

a the WRITE command line to fetch instructions from memory and per- 
form the specified data movement or computation. During normal | 
operation, the processor fetches and then executes instructions 
stored in Jequsneiay locations of memory. Sequential program flow 

is accomplished automatically by incrementing the program counter 
after each instruction fetch, using the built-in auto-increment 
feature. This sequential accessing of successive oni: locations 
combines most effectively with pias interleaving available on 
the 8K memory module to provide a significant increase in system 


throughput. 


Sequential program flow is altered by the execution of a JUMP in- 
struction. The ABLE processor provides 7 modes of conditional 
transfer to either an absolute or relative memory location. (See 


specific instruction descriptions beginning p. 2-12.) 
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The central processer is constructed on two 5" by 7" printed circuit 
boards. The first igaiae cases the Di Sequencer, is the module 
that sequences the operation of the entire computer, When the HALT 
line is released, the Sequencer uses a READ command to read a 16-bit 
‘instruction from memory. This instruction then directs the Sequencer 
to perform a data movement, arithmetic computation, or conditional 
transfer of control. The formats for the different instructions will 


be presented shortly. 


The rest of the central processer is constructed on a circuit board 
designated the D300 Register Module. The Register Module contains a - 
high speed 16-bit register stack, a 16-bit ALU, and three status flags 
labelled ¢ (for carry), % (for zero) and M (for minus). By manipulat- 
ing the Instruction/Address buss and the various control lines, the 

Sequencer can direct the Register Module to: 

a) gate the contents of a register onto the Data Buss}; 

b) strobe the informatiori on the Data Bus into a register; 

c) perform an etnies ere such as ADD, SUBTRACT, or 
SHIFT using one operand stored in a register and the other 
operand from the Data Buss; 

d) present the three status flags (C, 4, and M) to the process- 

er for evaluation of a conditional transfer; OR 

e) gate the contents of a register onto the Memory Address Buss 


to identify a specific memory location. 


The C, 4, and M status flags are used to indicate that an arithmetic 


computation: 
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A) resulted in a number greater than 2 Cys 

B) produced a zero result (4), OR 

C) produced 2 negative result (M). 
During the processing of a conditional transfer instruction, the 
Sequencer evaluates the condition of the 3 status flags. By compar- 
ing the 3 status flags with the condition code present in the condi- 
tional transfer instruction, the Sequencer can decide whether or not 


to transfer control to the specified memory location. 


Interrupt recognition is also handled by the Di Sequencer. The In- 
terrupt Request line, IRQ, is sensed by the Sequencer at the end of 
every instruction. When IRQ is true (i.e. held low by the inter- 
rupting device), the Sequencer disables further interrupts and begins 
to fetch instructions using R16 as the program counter instead of the 
normal R17. For proper operation, R16 must be loaded with a pointer 


to the interrupt routine before interrupts are enabled. 
Further information on interrupt processing is found in the discussion 


of the Processor Status Word (PSW) and the Processer Control Word 


(PCW) later on in this section. 
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INSTRUCTION FORMAT 

The Instruction Format of the ABLE series commeuters 18 
somewhat unieue in that each machine instruction 16 2 full 
16-bit word comreosed of two G-bit eacddresses. The least 
significant half of the instruction word (pits O-?7) 
comerises the address. of 2@ SOQURCE of datas the mast 
sidgmificant half (bits 8-15) comprises the address of the 
QESTINATION for that data. That the instruction information 
is encoded as an address makes the oreration af the comrputer 
‘observable’ fram the outside world? and conversely allows 
the execution of machine orerations under the control of 
intelligent agents athe than the rrocessoar itself, 

Normal instruction secuteee involves dete transfers of 
the form of a4 READ from the SOURCE followed fy a WRITE ta 
the DESTINATION. A single machine instruction can read from 
any SOURCE anc write to any GESTINATION. The oreration of 
the instruction can be viewed @s @ general crossbar switeh 
canmecting g11 the modules of the sustem 

A wunieaue feature of the instruction/acddress format is 


that the two S-bit fields of the machine are JNDEFPENTIENT? 


Le@s, ams code in either field does mot modife the meanins of 


tone code im the other field. 
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The instruction arrears in the Instruction Register as 
follows, where [In rerresents the nth bit of the DESTINATION 


ADRESS and Sn rerresents the nth bit of the SOURCE ANDRESS. 
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The following are the defined classes of SOURCES and 


DESTINATIONS and their binary codes. 
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The structure of the ARLE series computers is tllustrated 
in simplified form in Fig.i. The three mavor busses of the 
sustem are the ié-hit Data Russy the 16-bit Memory Aue 
Russ and the 8-bit Instruction/Address Buss. These busses 
and several Control lines such as REATy WRITE» and SYNC 
serve to link all the modules of the system. 

The Sequencer controls the REAL and WRITE orerations on 
all system modules by means of the Ingstruction/Address Buss 
and the Control lines. 

The Resister Module utilizes 16 resisters to control the 
Memory Address Buss. The Resister Module glso contains the 
sustem ALU which rerforms arithmetic and logical orerations 
as well as memory address arithmetic for eointer control and 
relative branchins . 

The Sequencer transfers 16-bit orerands to and from the 
Rosia ber Module and IO devices using the Instruction/Address 
Buss for oreration/module identifications the Control lines 
for directionality and timings and tbe Date Buss for the 
actual transfer of the data. To transfer data to and from 
Memorgsy in addition to these busses the Seauencer utilizes 
an 6odmImdirect obit oim the) Instruction/Address to cause the 
Register Module to frovide the frrorer Memory Address to the 
Memory Address Russ. 

The Seauencer utilizes e besic ts Geis micro-eyole to 


ime lement a two-address instruction format. The first ster 
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of the ieOREROSE NE is to READ Memory at the location rointed 
to bu the Frogram Counter and then increment the Program 
Counter. The data read by this ster will consist of a 
machine ingetrouctions This Llé-hbit word is stored in tne 
Seavencer’s Instruction Resister and Nate Resister. (The 
reason for storing the instruction im the Data Register will 
hecone arearernt wher IMMED LATE SQURCES are digecus¢eed.) The 
least- significant half of this instructian word canmsists of 
ar Address for a SOURCE of deta while the most-sisnmificant 
half consists of an Address afog QESTINATION for that date. 

The second ster of the microresycle is to rerform a FEAL 
oreration weaiims the Least-si8imificant nalt ot Line 
instruction as the SQURCE ATORESS. The Llé-bit oferancd 
obtained as @ result of this READ oreration is stored in the 
Seauencer’s Date Resister. 

The third ster of the micro-ceycle is to rerform a WRITE 
Qreration weins tive mogt-sisnifiecant half of the instruction 
word as the DESTINATION <AQURESS. The é-bit data orerand 
stored in the [late Resister of the Seauencer is sresanted an 
the Dates Buss to the addressed oreration/device. At the 9 end 
of the WRITE oFreration the imicrorcycle is essentially 
comelete. Uata has been transferred from any SOURCE in the 
system to any TESTINATION in the sustem. 

Before e Lark iris another mileracewe ] ey PICA V GP y thie 


Seeauencer et the end af ea WRITE oreraskion imberrogedhes Line 
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HALT Control line and the Interrurt Reauest Control line. If 
the HALT Cantral line ais being asserted at this time the 
Seauencer will answer by means of the Hsilt AckMOWlLedse 
Cantrol Lines Se ae ne cere of the Seeuencer will cease 
umbil such time that the HALT Centred Line a&ta@in becomes 
false, If the Interruet Reauest Control line is Gamenade et 
this time and interrupts are enableds the mext  ainatructioan 
will be fetehed using R16 octal as Program Counter instead 
of the usuel RIY octel. 

Otherwise the Seauencer enters the mext micrarecyele and 
oreration conmbtinues a desepinad BHO E 6 

Under certain circumstances the microv-cyvcle as cdescrited 
above is modified byw omitting either the SQUECE READ or the 
DESTINATION WRITE or path. If the seecified SOURCE was the 
é-hit two's comeliment byre of IMMEDIATE SQURCE » the 
required data is already rresent in the Tate Resister et thre 
and oof the Inetruction Feteh. The sism bit ¢ bit S) meed 
oniy be extended through bit 15 enc tne cate is reads to be 
Written to the DESTINATION. This is the reason for corwins 
the instruction inte the Instruction Register and tha Daete 
Rediater. In this case the Seeauencer will omit the SOURCE 
REAQ oreration ster of the micro-cyele and will eraceed with 
the DESTINATION ster if arrroarrpiate. 

Tne omission of tine DESTINATION ster of the mitro-cecle 


1S alaa rFossible. The CONDTTIONAL TRANSFER dmetruch tors 


Cade 
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poenehe by edther writing & 16- bit date orerancd into the 
current Program Counter or omitbins that WRITE derendins 
wean whether or mot the condition seecified i¢ met. Sai in 
the case af & condition code which is not met the Seauencer 
i fetch the aeerorriate SOURCE orerand but will  eroceed 
to the next [netruction Feteny omitting the DESTINATION 


WRITE to the current Frosram Counter. 
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DETAILS OF SOURCES ANT DESTINATIONS OF INSTRUCTIONS 


cay 


TO SOURCE. | a i Cn ne 
The [0 SOURCE al laws ne reacgimns of date from use be Tea 
different devices. The ancoding of the inetraction get demands 
thet TO devices Neve Geta t addresses with bit ° @eauel] > ba oO. 
That ey all IO devices heave addresses less than 200Cncbtal), 
[QO sources are used bath far date sre for status of the device. 
For examples devioe GO is the date reort of tine system Surbiat 
terminal y device Slo oai¢ the acdress of the status resister of 


system cantrol terminal. 


IMMENTATE SOURCE 1 08 S 4 DA oO Tr WoO 

THE TMMENTATE SOURCE erovides @ comreect and reeid means af 
epoavidines smell constants statistically the most often used) 
wWikhin the instruction itself. That is’ the execution csele 
for 2am Immediate Source will be altered to omit tre nmormal 
souree read because tne date i6 a@lready at nend after tne ans 
Struction fetch. The immediate source rravides 8 G&-fitey tLuata- 
come liment orergnad? bees &@ mumber ain the ranse af ~AL decimal > 
to +31 (decimals. The sigm bites Ss i6 extended Prom bit & throuwsh 


Dib TS. 
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REGISTER SOURCE 1° 1-0 TT -RS R2 RT RO 
The gixteen resdisters of the machine are read bu means of 


the REGISTER SOURCE codes. The four ee significant bits mame toe 
register to be read. The "I" bait caomtrols auto-incrementatioaon of 

the contents of the register AFTER reading. When toe To bit is 

rero the resister contents remain umenancsed after ea reac. When tre 

T bit i6 one the resister contents are first read and than inereased 
iby ane. This feature is useful im the imelementetion of loor coaumbers 


Heings nmonr-seccumulator resisters (1.e. resisters 4-15 octal. 


MEMORY SOURCE 1 od 632 6é6T RS Re RI RSG 

To read a location of memory a source field of this ture is 
eme loved, A resister ae ie mecnine must fe roainting at the desired 
memory location. This resister is named tbe the Peet Sani eieede Pour 
sa be of the fields and the mamed resister may be automatically 
rosbt-incremented under cantrol of the "T° Hida in @ manner exectily 
Similar to the resister source. A vers imeortent feature of the 
general mature af the memory address ims arid redister aerenmitecture 25 
the ability to use the PC Cerosram counter? as &@ rointer ta an 


oOrerangd of deta immediately in line with the frosran. 
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TO TESTINATION a a eh Ba 
Date is written to true TO devices usin the [0 
DESTINATION field. As im the case of ‘to SQUTCeS device 
addresses af [0 destinations are ain the range of O-177 
ootal.The [0 destination LS used both far date transfers and 


for transfer of control information ta ID devices. 


ARITHMETIC QESTINAT TONS 1°90 O AR AL AO RL RO 

The members af the ARITHMETIC YESTINATION class of 
instruction shere several common features. They may be used 
with ang of the four secumulators RO-R3. Which accumulator 
is ¢$recified bu the “R" bits » bits 9 and 8 of the full 
IMSTVUCTLO 7 

When an ARTTHMETIC DESTINATION instruction is used the 
states af the ZERO (2d CARRY (Cis and MINUS (M4) flegs at 


A 


the end of execution are stored in the FLAG REGISTER. These 
flags ere the means of Froviding alternative execution 
information in coriunetion with the CONDITIONAL TRANSFER 
ins true ti arms > 

The areciPicatioan at which of tie ea shyt 
arithmetic/losical ureretLions 16 to he ee ee is encoded 
using bits 12, Livy and [Os (AS Als amd AQ) of the full 


imetruction word, 


ARTTHMETIC Loan - 10 0 9 90 O RI RG 
The ARTTHMETIC LOAD deste ian transfers the 1dé-bit 
orerand read by the source-read oreration into the srecified 
accumulator. The ZERO fleas will Be SET ¢=1) af the orerand 


s 


loaded was zero and will be CLEARED if there were ary ones 
un the orerand. The MINUS flags will be SET af tie 
nost-sisnificant bit of the orerand was ones and CLEAREN af 
the MSB was werd. The CARRY fleas will be UNDEFINED. 


The Frevious  conmbents of the srecified eccumulator are 


lost. 


ANT 190 0 0 O TT RI RO 
The ANT iMetuieluan: errors @ bitv-by-bit dogieal AND 
oreratian hetween the Frevious cantents of the srecified 
accunuletor and the l6é-bit cee reacd by the source-read 
oreration.e The gecumulator seecified is left conteining the 
result of this AND, 
The ZERO and MINUS flass are affected. The CARRY flas 


will be UNDEFINED, 
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Ani io 9 OO ff O RI RO 

Tne AD instruction sdds the Loniit usps read by tne 
source-read oreration to the rrevious contents of the 
srecified aconumul ator and stores the result in tinat 
aceumuleator, The ZERO» CARRY: and MINUS fless ere all 
effected by Ann, 

Since there is mo srecific left-shift instruction in the 
instruction sets this areration is rerformed by srecif wing 
the same accumulator in the source field es is sreecified in 
the ALN anstructions @.a. Ri to Ri ADO has the affect at 


shifting the contents of RL left one lace. 


SUBTRACT 1 0 09 OO | 1 RI RO 
The SUBTRACT (ingtruction subtracts the 1lé-bit oreranc 
read bu Lhe source-read oreration from the erevious contents 
of the srecified accumulator and stares the difference an 
that accumulator. The ZERU CARRY s arid MINUS Flags ere all 
affected hy SUBTRACT. 
Note that after a SUBTRACT a CARRY may be defined as 4 


NOT BORROW. 
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EXCLUSTVE OF: 1 0 0 | OO OO RI RO 
The EXCLUSIVE QR instruction eerforms the EXCLUSIVE OR or 
"add without carry" on a bit-by bit basis between the 16-bit 
orerand read hy the uonpeeotead oreration and the Freviaus 
contents of the srecified accumulator and stores ihe result 
in that @ecumulator., The ZERO anc MINUS flaess will be 


affected. The CARRY Plas will be UNDEFINED, 


LEFT ROTATE 1 0 O 1 O 2 RI RO 

The LEFT ROTATE instruction shifts every bit of the 
Previous comtents of the srecified accumulator left Ore 
cneiaien + The MSB Chit 13) is rotated into the LSB Chit 
Fositions The ZERO flags will be unchanged. The MINUS flags 
will be affected, the CARRY flas will he set to the value of 
bit 15 (MSE) erier to the execution of the LEFT ROTATE 
instructions 

The LEFT ROTATE instruction takes only 8 single orerancd 
and so the customary eeunee Tield for the inetructian would 
he arm IMMEDIATE wera ¢ this will cause the SOUTCE- read 


areration to be omitted with a savinss of time resulting: 


“Upp rayon: myn ont mete tonmtetpremere arse tte 


ORR ar | $ O O + + O RI RO 
The OR instruction rerforms the losical Ok oreration orm 8 
bite-by-hit basis between the Llé-bit orerand read by the 
source-read areretion and rane Freaviaus contents of tie 
srecified accumulator. It is sometimes referred to as the 
"set bit" instruction. The ZERO ste MINUS flags will be 


affected and the CARRY flag will be UNGEFINED. 


LOAQ COMPLIMENT 1 Oo O 21 2 1 Ri RO 
The LOAD COMPLIMENT instruction loads the lé-bit orerand 
rear by the source-read eee re imto the ree ae 
accumulator and then rerforms the "are 9s come lamerrt" 
oreration oon that orerand., That is » each bit is simely 
chansed ta ite orrosites The ZERO and MINUS Flags will he 
affected anc the CARRY flag will be UNDEFINED. The ereviuos 


contents of the sgecumulator are lost. 
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TEST TESTINATIONS 1 98 TO TI TO RI RO 


The TEST destinstians form @ srour of four instructions 


whieh behave with resrect to the setting of the ZERO» CAREY 


aria MINUS lads their coarresranding ARTTHMETIC 


exaeblyw as 


destinations do, The gifference 43 that tive tact 


instructions do NOT affect the CONTENTS of the aCCwmMul ator 


srecified. Thus they rrovide an imeortarrt Me errs oF 


rFarforming Losicesl] or arithmetic tests without storins 


accumulators when @1l agccumuletors are in use? and ee means 


of testing verious erorerties of the ecantents of an 


accumulator without reauiring the restoring of the tester 


auarrkitys 
The TEST oferations may be rerformed on any accumulator 


as $recified by the "KR" bits. The actual test oreration is 


srecified by the "T" bits as follows: 
T1 TO GFERATION 

oO 0 LOATL 

ANTI! 

ALT 


SUBTRACT 


1 eae narensce asa 8) RAE ARR ANN a ge SRE Ss 


RYTE-SWAF WITH OR 1 O 4d 1 OO O RIL RO 

The BYTELSWAF WITH OR instruction orerates on any of the 
four eecumulators a6 srecified by the "R" bits. This 
instruction interchanges the most-signmificant and least 
Sea ans bytes of the previous contents of the srecified 
accumulator and then rersaorms the logical OR of the swarred 
word with the lé-bit orerand read by the  source-read 
agreration,The ZERQ and MINUS flass are affected and the 
CARRY flags is undefined, 

If the OR feature of this instruction is not needed the 
source field ais set to IMMEDIATE zero and the instruction 
becomes the sinsgle-orerand instruction BYTE-SWAF, 

The OR feature of the BYTE-SWAP with OR instruetian is 
uigeful when handling characters pon Awe ar modems im 
that 8-bit Quantities may be eositioned in lé-bit words in a 


single instruction 


RIGHT@SHIET with ANT I O 21 4 O 41 RI RO 

The RIGHT-SHIFT WITH AND instruction oferates on ane of 
the four eccumulators as srecified bu the "FR" bits. This 
instruction eee ee every bit af the erevious contents of the 
srecified @ccumulatar one rlace to the eae ZEPQ 14 
shifted anto the MSB (iit 15) gmc the erevious LSB Chit 03 


is stored im the CARRY flas.After the shift tekes elace the 


lé-bit arerand read by the source-read oreration is added to 
the shifted accumulator. The ZERO and MINUS flasa are 
affected: the CARRY fleas is eausl to the rrevious LSE of the 
selected accumulator. 

As an the BYTE-SWAF WITH OR ainmstruetion » aif the An 
feature is not desired the instruction can be made into the 
sindle-orerand SHIFT RIGHT angtruction simely bs choosing an 
IMMENTATE zero for the source field, 

The ANN feature of the RIGHT-SHIFT with AND ianstruection 
tS used to Frovide the Soilatonte shift in either ones ar 
zeroes as desired. This means that the RIGHT ROTATE 
instruction may 7 rerformed by means af branching on tne 
condition of the carry flas since that fled rerresents the 


Freviousiy shifted LSB of the orerand, 


Es 
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REGISTER DESTINATION 1 64 0 O RS RS RIL RO 
This form of destination allows the loadings of the nmon- 
accumulator resisters CR4-R1i?7 oetald. It also may be used to 
load an accumulator resister CRO-R3) without chansins the 
Plase. Irn ari saad the resister to be loaded is seecified iss 
the "KR" bits. 
Tne FROQGRAM COUNTER CRI? octal mormalls or R146 octal) may 


be sFrecified as the resister sub-field in which evant the 


imstruction becomes am ABSOLUTE JUMF UNCONDITIONAL ta the 


address arecni Pied bw the Laéanbit orerand read hue the 


gsoOurTce-Tread OFeErablionrrs 


CONDITIONAL TRANSFERS» ABSOLUTE Eke Oe Sh 4 CE ET CO 
Tne ARSOLUTE CONDITIONAL TRANSFERS ananle the Frogranmer 
to alter the execution seeuences of instructions derending 
con the results of ARTYTHMETIC or TEST instructions. Botn the 
rositive and negative conditions of the ZERO» CARRY, anc 
MINUS flass are srecifiable as candi bions under whieh 
rFrodgram execubion ais transferred to anotner eddress of 
memory. If the grecified condition is mat met the next 
instruetion executed will be from the next seaquential 


adaress after the CONDITIONAL instruction. 


NM 
1 

ie) 
a0) 
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The seecific condition under which we rosram execution will 


be transferred is siven 


by the "C* bitst 


C2..Ci.COQ CONDITION 


oO 0 0 


OO I 


QO 1 0 


QO 1 1 


1 Oo 6 


Lod 


UNCONDITIONAL TRANSFER 
TRANSFER IF ZERO 
TRANSFER IF GARRY 
TRANSFER TF MINUS 
TRANSFER NEVER 
TRANSFER TF NOT ZERO 
TRANSFER IF NOT CARRY 


TRANSFER IF NOT MINUS CPLUS) 


If the srecified cancdition is mete Lie Lér-hab  oreranicd 


read by the source-read oreration is loaded into the PPOs rem 


counter whieh is currently im use (be it RIZ or R16 acteld, 


Frogram execution will 


then commence at the Lacatiar 


transferred. If the condition seecified is mot met the nmaxt 


sequential instruction will be executed? the erocessor wild 


shartenthe machine micro-cyele by onmitbins the DESTINATION 


WRITE oreration entirely. 


eR REIL 
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CONDITIONAL TRANSFER + RELATIVE As. fly SOR SIE ah Ee a 
In the RELATIVE CONDETLONAL TRANSFER instructions 
Oreration with reseect to the invoked conditions is exactly 
the same as im the the ABSOLUTE CONDE TLONAL TRANSFER 
instruction. The difference is that in the RELATIVE TRANSFER 
instruction the dé-bit orerand read ty the source-read 
oreration a8 AUTEN ta the current Frogram counter in the 


event that the seecified condition is met. Assuming that the 


orerand 18 exeressed in two's compliment notation it is. 


obviaus that sradgram control may be transferred either 
forward or backward with reseect to the current location: 

Tt should be  notect that when the RELATIVE CONDL TIONAL. 
TRANSFER aingtructian ais wusedy the Ffrogram counter has 


+ 


already beer incremented beyond the location of the 
Ginieionel instruction itself.In the case of- an orerarnt 
feteh usins the Frodram counter es a memory Fointer to an 
immediete data word, the rrogram counter will have been 


incremented twice beyond the location of the conditional 


instruction itself. 
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MEMORY DESTINATION 1 i ai 4 RB R2 RL RG 

Tne memores destination instruetian provides the ebhilaity 
to sbore lé-pit orerands read by the source-read oreratian 
im a location of memory Fointed to by any of the sixteen 
registers: In addition the cantents of the named redister 
may be roest-ineremented automatically under the cantral of 
Lone "TL" bat fbit 12), 

The register to be used ain the store oreration is 
greoiPied tu the four “rk bits af the destination field. 

Note that @ simele class of UMA device may be constructed 
WLeh wee use & register of the Resister Mocule to access 
the Memory Acdress Buss. While this tyre of design would mot 
utilize the Full bandwidth of the memory channel it woule 


have the advantage of simplicity. 


One5 
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HOF 


SPECTAL SOURCES ANT DESTINATIONS 

savage FPoOCcessor related Fune tions have heer 
ime lemented as I0 address funetions to preserve the symmetry 
of the instruction set. . These ere the Hand Orerated 


Processar CHORD » the Frocessaor Status Word (FSWI» and the 


FProcessar Conmbrol Word CFECW), 


Device Address 000 Coctal) 

The Hand Orerated Fracessar allows an orerator to observe 
and comtral the l4-bit Bie-Directional Date Hues » the 8-hit 
{QO Address Buses the Read and Write conmtrol linesrthe Sunc 
line and the Halt and Halt Acknowledde Lines. 

Veta can ne entered into a =rogram bu reading Llevice 000 
Qoctals dse@. using an instruction Source field eaual to 000 
octal. Since thie ABLE commuters gare asynchronous: executian 
Will be susFended uron a Read Of Yevice 000 until the 
oreretor returns a Sune sismel from the HOF. Before 
gidnalling Syne the orerator will have entered the cata on 
the Nate Buses Ws List the switcnes .» 

Simtlerly & frogram may Write tea device 000 octal and tne 
execution will be sugrended with the deta visible in the 
Gate Lights until the orerator sidnals acknowledgement py 


sendin Sune from the HOF. 


ON 


ane 


sphapamems series 
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When the Frocessar is Halted by -thne HOF the Halt 
Acknowledge Light will light anc the orerator may Read or 
Write data from/to any device on the sustem ane Luciims 
resisters accumulators with arithmetic oreraetions+s and 
memory. This Peature demonstrates two very imrortant  rFoaints 


abaut the sestem architecture. 


The first roint is that oreration of system devices and 
Funetions is OBSERVABLE on the busses. This is helrful wires 
exrerimental interfaces are being integrated imto the esyusgtem 


and when vr roblems accur 


2) 


The second roint is that the HOF is heirarchally similar 
to 8 very general class of UMA cevice. When the erocessor is 
halted any intelligent asent may assume complete control of 
the entire system. This relationshir enables a very naturel 
sustem exrandshbility bye confisurins mIltirrocessors unger 2B 


similer conmbtrolling rv rocessor,s 
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Device Address 001 (octal) 

The Frocessor Status Word is a Srecial I0 function 
ime lemented as Device 001 octal. Wher 3 Source field of O01 
octal is included in a eee instruction the data agcauired 
icine. the source-read oreration will include the ZERO, 
CARRY» and MINUS flads# the state of the INTERRUFT CONTROL 
FLIP-FLOPS arid LIF. to twelve bits from Frotentially 
interrupting devices. A Read of Device 001 octal activates a 
back~-rlane line called Acknowledge (ACK). Interrurting 


devices strobe their identification bits onto the tate Russ 


uroan receirt of the ACK sigmal.Thus the comrlete state of 


the machine ig ricked ur on @ single source-read orerations. 


The form of the Frocessor Status Word is a6 follows! 
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INTERRUPT ASSIGNMENTS FOR FSW 


BIT# FUNCT ION/DEVICE 


0) Z FLAG 
1 . C FLAG 
2 M FLAG 
3 ION bit 
4 N43 Real Time Clock 
a] 040 Modem Controller 
6 050 Control Terminal Interface 
Po U146 Scientific Timer 
8 N03 Real Time Clock 
9 Undefined 
10 
11 
12 
13 
14 User Tefinahle 
15 " “ 
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POW evice Address 001 (octal) 
The Frocessor Control Word i% implemented as Destination 
I0 Tlevice 0014 octal. By writing data to the PCW on the 
destination-write oreration the frogrammer can set or clear 
the ZEROr - CARRY and MINUS flass? enable or disable 
interrurtss and control which erogram counter (R17 or R16 


octal) is to be used, 


The format of the FCW is as follows? 


1S G a oO 


—— oop pene ep seme 
UNM EE FINEL [ees |zes eon! mt | Chee 


iene ene av ne 


The ZrCs and M bits of the FCW gre coried into the files 


resister uroan execution of the Write to Device OO1L octal. 


The ION bit is effective in settings or clearing the 


Interrupt Control Flire-Flor but ONLY when the ICS bit is 2 
Ones This allows use of the PCW destination wnder 
circumstances where the rrogrammer may not actually know 
whether interrurts are surFPosed to be on or off. With the 
ICS bit eaual to oner @ one to the ION bit. Will enable 
interrupts and a wero will disable them. If the [CS bit is 


zero no change will take elace in the condition of the ICFF, 
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The PCS bit 16 used to control which frasram counter is — ; 
tao be uged. The use of the FCW destination reauires at all 


i 
times the knowledge of which PC is arprrorriates, There is nea 


Wat bo avoid this sreacifications When FCS is ane the rrogram | 
counter will be FI? octels when FCS is zero the program : 
counter will be R1ié octal, : 
The frogrammer should mote well that invoking the use of 
R16 octal as eragram counter automatically disables 
interrupts. (A read of the PSwW when wugins K16 octal as 
rrogram counter will sradued® 2ONs603 | 
The frogram caunter is set to be R17 octal and interrurets 
are disabled under initial conditions) ise. after the INIT 
control line has been activated. 
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Introduction 


NEDCO has developed its ABLE Series computers around " simple and 
straightforward buss design called the EZbuss. The EZbuss allows 
simple interfaces to be designed to work efficiently with the Able 
Series computers, It is entirely TTL compatible; no voltages 
greater than +5VDC exist on the buss. Thus the longevity of the | 
system is enhanced even in the presence of untested user-built 


interface devices, 


Ae-2 


Definition 
EZbuss is defined for a 72-pin two-surface edge connector similar 
to Cinch-Jones 50-72C-20. The complete definition is shown in 


Table L , 


A) BDBP- BDBL5 the main 16 dit bi-directional data buss. 

B) ADR - ADR? 8 bit I/0 address buss allows addressing 
many I/O modules by computer. See address map (Table 2) 
for available addresses, 

C) RD, WR command lines from computer give the directional- 


ity of the data transfer. 


RD: data from device to computer, 
WR: - data from computer to device. 
D) SYN SYNC line from devices to computer signals completion 
of task. 
EB) TORST I/O reset used to establish initial conditions of 


devices. 


All of the above busses are negative-logic busses; i.e. a logical 
one corresponds to zero volts and a logical zero corresponds to 4+5 
volts. Typical circuits for driving and receiving the busses will 


be shown in the examples section of this document, 


System Timing 


In order to use the busses the interface designer must understand a 


Simple set of timing rules. These rules are given separately for the 


A2-3 
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Table 1 
Pin Function Slots 
72 +5 Volts 1432 
70 PDS 1-32 
68 WRC 1-32 
66 DAISY with 65 
64 Z 9-10 
62 c 9-10 
60 MIN 9-10 
58 MAE 1-32 
56 special TTY 
54 special TTY © 
52 RST 1-32 
50 LD 1-32 
48 GROUND 1-32 
46 NAG Jo12 
4b MAL 1-12 
42 NA2 1-12 
40 NAS 1-12 
38 MAG 1+12 
36 NAS 1-12 
34 NA6 1-12 
32 NAg 1-12 
30 MAB 1-12 
28 MA9 1-12 
26 MALO 1-12 
24 MALL 1-12 
22 NAL2- 1-12 
20 MAI3 1-12 
18 MALG 1-12 
16 MAIS 1-12 
14 GROUND 1-32 
12 MEM 1-12 
10 RES 1-32 
8 INIT tied to 7 

6 HALT 1=32 
4 HAK 1-32 
2 GROUND 1-32 


Pull-ups 


390 


390 


390 


390 


390 


390 


390 


390 


330 


390 


390 


390 


ohms 


ohms 


ohms 
ohms 
ohms 


ohms 


ohms 


ohms 


ohms 
ohins 
ohms 
ohms 
ohms 
ohms 


ohms 


) ohms 


ohms 
ohms 
ohms 
ohms 
ohms 


ohms 


ohms 


ohms 


ohms 


ohms 


ohms 


ohms 


NEW ENGLAND DIGITAL 


Pin 


Corrs 


Function Slots 


+5 Volts [+32 
imHz. 1232 
MAIS 1-32 


DAISY with 66 


BDSG 1232 
BDBI, 1-32 
BDB2 1-32 
BDB3 1-32 
BDBS 1232 
BD35 }.-32 
BDB6 1632 
BDBe 1-32 
BDB8 1-32 
aad 1-32 
BDBIO 1-32 
BOBLL 1-32 
BDBI2 1-32 
BDBI3 1-32 
BDBL4 1-32 
BDBI5 1-32 
GROUND 1-32 
ADR# 1-32 
ADR6 1-32 
ADRS 132 
ADR4 1-32 
ADRS 1-32 
ADR2 1-32 
ADR 1 1-32 
ADR G 1-32 
ACK 1-32 
RD 1-32 
WR 1-32 


TORST tied to 8 


SYN (333 
IRQ 1-32 
GROUND 1-32 


EZbuss 


Pull-ups 


3 1K's 
330 ohms 
2270's 
2 270's 
390 ohms 
3390's 


390 ohms 
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Read Operation and the Write Operation. (See also Figure 1.) 


Read Operation 


When the RD line goes true the interface may assume that the ADRG - ADR? 
address busses have been valid for a period greater than 50 nanoseconds, 
When the device is able to produce valid data it may gate that data 


onto BDBY - BDB15 any time after having decoded its (address and RD). 


The interface must wait a minimum of 150 nanoseconds after gating 
(BDB GATE) valid data onto the data buss and then signal SYNC or SYN. 


It must remain in this state; i.e. with data gated sail SYNC active; 
until RD goes false. It should then remove the data and SYNC. Removal 
of SYNC may not precede removal of data. Whether data may be allowed 
to change while being gated must be decided on a case-by-case basis. 


The address lines will not change until SYNC has been removed. 


Write Operation 


The WR line will go true not earlier than 50 nanoseconds after the data 
and address have become valid. When the device decodes (address and WR) 
it may use the data at any time. When the device has no further use 
for the data it may signal SYNC. It must retain SYNC until WR becomes 
false. It then must release SYNC. The address lines will not change 
until after SYNC has gone; but the data may change any time after SYNC 


is made true, 
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Design of a Simple Interface 


Every interface must have an address decoding circuit. This circuit — 
will in general provide an output which will signal that the computer 
is trying to read or write a given device number. (The choice of 
device number(s) for user constructed interfaces should be made with 


reference to Table 2.) 


Some examples of address decoding circuits are given in Figure 2. 
Notice that in general only one low-power Schottky load need be pre- 
sented to every buss line. Also notice that the RD and WR control 


lines effectively deskew the address lines. 


If the interface is to respond to the RD command the decoded (RD and 
DEV#) signal may be used to gate the data onto the BDB buss. Hebei 
mended buss drivers are 7438, 74367, 74368 or the 74LS240 series. 
After gating the data onto the buss the interface must wait a minimum 
of 150 nanoseconds and then signal SYNC. This delay is to allow the 
busses, drivers and receivers to settle. A mene which might be 
added to the decoder of Figure 2A to read four bits of data from 


device "140" is shown in Figure 3. 


Lf the device is to respond to the WR command, it may construct an 

appropriate strobe signal from the decoded (WR and DEV#) signal. It 
then waits a few hundred nanoseconds and signals SYNC. A circuit to 
copy four bits of data fron BDBG - BDB3 is shown in Figure 4. Note 


that the SYN buss must be driven by 7438, 
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Figure 2A 


Circuit to decode READ ("140") and WRITE ("140") 
in both Negative and Positive Logic. 
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Figure 2B 


Gircuit to decode READ and WRITE of 
devices "120". "TAL" "L22" and: "123" 


A2_8 | 


7A348 


RDIA0- > — ere Boag 
(Cae Fig: 2A) 
) a Boer 


DATAL (> 


picts BOBS 
DATA Dees 


DATARS. > De oe 
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Figure 3 


Circuit to GATE 4 Bits of Data onto 
BDB Buss and Signal SYNC. 
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Figure 4 


Circuit to Copy 4 Bits of Data from 
BDB Buss and Signal SYNC. 


A2-9 


is Tyo 8 ne ame oar sR no in aa ne Ng aH 


Mechanical Details 
Interfaces may be constructed using either: 
a) Vector 3719-1 6.5" x 4.5" or 
b) Vector 3719-4 9.6" x 45" 
These are blank cards with holes every 0.1" in a square grid; they have 


72 edge fingers spaced 0.1", 36 on each side. 


These cards use a receptacle similar to TRW Cinch 50-72C-30 for con- 


ventional wire-wrap or for insertion into a PC backplane. 


Receptacles are mounted with pins 1 and 2 on bottom; pins 71 and 72 


are on top. 


Cards are constructed with: 

a) COMPONENTS on the EVEN numbered side. 

b) WIRING on the ODD numbered ree 
Note that Table 1 is shown as 4 REAR VIEW of the connector. Also care- 
fully note that the Vector Card must be polarized by cutting a square 
(approximately 0.4" x 0.4") relief out of the top edge of the card near 
the contact’ fingers. (Figure 5) If these measures are implemented, 
finished cards will always eis into the Bellvue Rack with components on 
the right and wiring on the left (as viewed from front of rack). This 


uniformity is a great aid to achieving interface longevity. 


Note also the numbering scheme (Figure 5) employed for the IC positions 
on the card. The IC's along the top of the card are numbered 1, ll, 21, 
31 etc. starting nearest the contact fingers. The IC's in the vertical 
column nearest the contact fingers are numbered 1, 2, 3, etc. starting 


at the top, 
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TIMING INFORMATION © 
for the 


NEQCO ABLE Series COMPUTERS 
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ABLE SYSTEM TIMING ¢ 
The ABLE Series camrPuters are ASYNCHRONOUS machines, That 
169 there 16 no seecific sustem clock. Tne SEQUENCER bestings 
&@ data transfer bu asserting #2 Nevice Address on the system 
Instruction/Addregss Buss. After waiting aerroximately 150 


msecse (Tor the Model ARLE /80) the Seauencer asserts 


fu 
rss 


Commaricd y either READ oar WRITE. Tite wee ea eLeys am bLiis 
state until the addressed device oar oreration answers by 
means af the system SYNC Control line that the transfer hes 
been comeleted. At this time the Seauvuencer removes the 
command and waits for the device to remove its SYNC sisnmal. 
Only after the addressed device has has taken awa its SYNC 
does the Address asserted bu the on encen change and @ mew 
transfer begins Thus the time taken bu a siven transfer is 
derendant uran the mocule addresserct. 

In additions all ABLE Series devices which cam be said to 
have a state af “husy" or “not ready" are constructed to 
withold SYNC unmtil such time that they become ready or free 
im the event that they are rremeturely aecessad by the 
S@RQUENCEDP . 

This mode of oreration enables one to write very osimele 
Frograms Por handling such devices in the event thet Statue 
Cheoking or Interruet Uriven erosrams are mot arereroeriate, 
ALSO sucm oFeration of certain devices in same lind erosranms 


Provides a useful techniaque of avoidance of any samelains 
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"iitter" due to the asynchronys of the computer erosram wath 
tie samr decd PPOCe@SS + See for examele the discussion of tine 
Terminal (MO) anc Seientific Timer (0146) srogrammings tm 
Arsearncdix 

it is due directly to this asynchronous feature that the 
ARLE Series comeuters can orerate effectively with memary of 
ang ¢reed which is a@rrrorriate for a given system. There 16 
no feroblem ain utilizing the fastest eveilable Sehattky 
biroalar memory or the manu teres of glower MOS memorg » ever 
in the same sustem for the memory areration is AS WOH POMAUS « 

The standard MBK Memores Module a6 comPased aor MOS 2114 
tLYee Chines havins an aecess time of 450 mgec.This ehies 
however, has an enable time of only 100 nsec. Carrrox.d. The 
aSyMehronous oreration of the macniine allows tine 
cometruetion of an @Kxeis-bit memory matrix im which 8 
Serarate 16-bit words having seeuential locations are 
sueucean at once. This aceess takes 450 msec. However: once 
accessed the dats is aveilsble by selecting the desired 
chires in omlyw 100 meec. Whether the current sadress was 
poccessed -reviously 16 sigmalled ty e New/Old flee driven ney 
3 comparison of the current address arid tne Previous stored 
address. 


This techmiaue is called S-wae interleavins. Eech SR card 


had ite own inbterlesving hardware whieh 195 actuated only LP 


btLinaet card has been addressed. Thus im 8 gyatem with several 
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SN cards the effective interleaving can be higher than 
O-wawse Thig can be used advantageously wr Problems whioh 
imvolve the moving of Jarse vectors in memory bye having the 
vector boundaries coincide mae Qh boundaries ak the memory 
greece. XFL allows the rvartitionins of date satorade areas ta 
accomodate this tyre af oreration. 
With the 450 maec. 2114 tyre chirs the memory rerformance 
Pidures gre as follows: 
New eceegs readse..+4++95O0 meee, 
Qld gecess read. ..6..550 msec. 
Write mew ar oles. +e 8S0 meen. 
The Cimiris ofr Resister Module Resets is 
BPE roximately 250 nsec. resardless of tne ture of oreretion 
heims rerfarmed. 
Timings to be observed by user-constructed mocules are 
given oin Arrendix IL. The [0 module timinas of stancard 


devices follow these rules. 
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DEVICE ADRESSES USEIV IN 


The followins 


are 


STANUARYT MOTUWLES  . 


Heavice 


assigned for use an NETCO ABLE 


lev. 


AUTIRESS + 


DOD eso eeee 
OO se eeeee 


O02 ake’ 
OO S04 Pas 
004-0144 
OL2+013. 
O149015. 
016-033. 
0349035, 
O34s037, 
0407041. 
042-047, 
0507051. 
O32-O87 6 
0601061. 
062-0675 
O70907 1. 
O72+073. 
O74-O77, 
100-104. 
105-107. 
AL0"117. 
120-127. 
130-133. 
134-137. 
140-157. 
160-167. 
L70-1 77. 
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agore ages 


Serres comPubers » 


Fume ton 

HOF 

»FSWe FCW 

Reserved 

+Real Time Clock. 
sReserved 

A/D Converter 

*Aue. AST! Canverter 
sReserved 

+Qaisitel YO Module 
-AuUxs Tistbhed 0 

sMadem ControllerrStatus 
*Auixs Serial Tevices 
+Sustem Control Terms Status 
*Auise Serial Yevices 
sual D/A Converter 
sAuxs OA Converters 
Scare Tnterface 

*AusM.e Score Interfaces 
»>Researved 

Florey Task Canmtroller 
~eTare [rive 

+lisk Urive 

+FREE USER SPACE 
«Reserved 

eQigsited ra 

‘Aux, Serial Tlevices 
+Reserved 


»2e FROM Frosrammers » 


System Test Mochiless 
etc. 
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